The paper provides a practical implementation of the hydrological model KINFIL to be used for designing an optimal road density system in areas where agricultural or forestry production does not play an important role. In particular, such a road system project is based on the physiographic characteristics of land. Input data for a direct runoff analysis are computed in relation to the geometric parameters of upstream sub-catchments using the method of maximum daily precipitation reduction. Computed direct runoff discharges depend mainly on soil and vegetation conditions. Besides the soil type characteristics, the length and the angle of hill slopes to be drained by a road drainage system are major parameters determining the road density. These discharges are further assessed for road drain capacities designed according to the Czech Standard System (ČSN).
In the regions where agricultural and/or forestry production prevails, the road density is determined predominantly by economic criteria which reflect the requirements for optimal product transport. However, a different approach is adopted in regions where the production has a much lower priority. In such areas, limits should be placed on excessive construction of forest and field roads as too a dense road network would disturb the natural character of the landscape. Furthermore, the associated drainage elements often create an unsuitable runoff system. Literature survey indicates that an optimal density of forest roads should be within the range of 7 to 14 m/ha (KLČ 2005) .
In off-production areas, the ground slope, land use and soil water conditions should be the most important factors for a road network design when preparing land management projects. Depending on these physiographic factors of individual sub-catchments formed by a road network, safe direct runoff from torrential rains is of the highest priority. It is therefore essential to collect all data required for agricultural or forestry road design projects. This requires rainfall-runoff analyses for different rain gauge stations located at altitudes ranging from 100 to 1200 m above the sea level (for the Czech conditions). Thus hydrological practitioners and design engineers can apply the described hydrological method in their road network design projects.
METHODS AND MATERIAL
The KINFIL model is based on the combination of infiltration theory with the transformation of direct runoff by a "kinematic wave". The model uses the physiographic factor of a catchment as well as its hydraulic and soil parameters that can be derived either from field measurements or from map analyses. It can be implemented on ungauged catchments with no runoff data. The model is primarily intended for the design of discharge assessment for various catchment scenario situations such as a change in land use including deforestation, urbanisation, etc. Its present version is based on the Green and Ampt infiltration theory, introducing the "ponding time" according to Morel-Seytoux (MOREL-SEYTOUX & VERDIN 1981) .
The KINFIL model uses indirectly the Curve Number (CN) method (CHOW et al. 1988 ) but suppressing its weak physical background through the substitution of the common empirical CN approach by the physically based infiltration approach. Therefore, the correspondence between CN values and saturated hydraulic conductivity K s and storage suction factor S f at field capacity was found earlier and these relationships were implemented in this paper (MOREL-SEYTOUX & VERDIN 1981; KOVÁŘ 1990) . The regression analysis relationships as CN = f (K s , S f ) and these pair values were performed for 62 stations in the Czech Republic, each for a duration of 30, 60, 90, 120, 180 and 300 min derived from daily (24 h) rainfalls with the return period of 1, 2, 5, 10, 20, 50 and 100 years with 7 major textural soil classes (Novak's classification in KUTÍLEK 1978) .
The second basic component of the KINFIL model is that representing direct runoff simulation. This process is based on a kinematic flow approximation. Equation (1) expresses the kinematic wave describing an unsteady flow on a plane with different topographical characteristics:
( 1) where:
For the numerical solution, the explicit Lax-Wendroff (L-W) finite difference scheme was implemented in the model (KOVÁŘ 1992) . In principle, three simulation components, cascade of planes, converging or diverging segments and channel reaches can be used for the simulation of catchment topography. Practically, only planes were implemented in this project. The initial conditions of the L-W scheme were specified as y (x, 0) = 0 for all x. The upstream boundary depth was determined by the position of the plane in a cascade, when only one plane, then y (t, 0) = 0.
Design rainfalls
The tables of maximum one-day rainfalls in Czechoslovakia (ŠAMAJ et al. 1983 ) providing rainfall depths were used for their reduction expressing the design depths and intensities for various duration and probabilities according to the following formulae (HRÁDEK & KOVÁŘ 1994) :
where: t -duration of rain (min) H t,N -depth of rainfall with duration t and return period N (mm) i t,N -intensity of rainfall with duration t and return period N (mm/min) H 1d,N -maximum daily rainfall with return period N (mm) a, c -reduction coefficients
The design rainfalls for various duration t and different return periods N were determined as 
mentioned above. As an example, the paper provides the computation of the rainfall observatory station at Prachatice at an altitude of 642 m above the sea level. This station was selected as a representative example with high rainfalls.
The values of reduction coefficients a, c for the design rainfalls of various duration are given in Table 1 .
The values H t,N in Table 2 represent maximum one-day rainfalls to be reduced to shorter design rainfalls of the duration 10 to 120 min for N return periods. This table is also graphically presented as Figure 1 (rainfall depths) and Figure 2 (rainfall intensities). Table 3 provides the design effective rainfalls subtracting the infiltration and the retention components as the KINFIL model transforms direct runoff simulated by the kinematic wave from the effective design rainfall.
Infiltration and retention capacities in catchments are characterised by the Curve Number CN. For a selected sub-catchment hydrological soil groups C and D were considered where average CN values are CN = 80 and CN = 88, resp. The depths of effective rainfalls are computed from equations (4) and (5). 
RESULTS
The simplest way to drain water out of a road network system is to construct open ditches along the road as a lateral drain element catching runoff from upstream slopes.
These ditches are usually made in either triangular or trapezoidal cross-sections. The latter is better as it is hydraulically more effective concerning the larger cross-section profile at the same water depth in a ditch. Its design concerning forest Its minimum longitudinal slope J is proposed to 0.5% in the ČSN. As an optimum longitudinal slope J = 1% (lowlands) and maximum J = 3% (highlands) were considered. The ditch discharge capacity was calculated from the continuity equation:
where:
The trapezoidal cross-section area S with the parameters above was calculated.
The flow velocity in a ditch is computed by the Chézy equation:
where: Concerning the agricultural road network proposal and their drainage systems, they are based on the Czech standard ČSN 73 6109 and it is similarly so for the forest road system. Therefore, this system is not considered in this paper.
In the next step, the runoff hydrograph ordinates were computed using the KINFIL model on the rec- tangular plane with various slopes simulating field conditions. The plane width was determined constant, which equals the theoretical length of the ditch, b = 1000 m. This length can be easily determined as unity length for better calculation for any specific length on design request. In practice, the ditch length is usually shorter. The slopes were considered as 1%, 3%, 5%, 7%, 10%, 12% and 15%. For each of them their length was considered as 100, 200, 400, 600, 800, 1000, 1200, 1500, 2000 and 3000 m. Due to the wide range of computed results, only some illustrative examples are published in the paper. Thus the design discharges in lateral road ditches in the territory with the altitude of 600 to 700 m above the sea level (e.g. Prachatice) and with soil group D were computed. These results were included in Table 4 and plotted in Figure 3 . It is evident that the tabled results in bold overtop the discharge capacity of standard ditches and consequently do not guarantee their safe "in-bank" outflow (within the Czech Standard, ČSN).
DISCUSSION
The applied KINFIL model version was adapted for this unsteady flow over the rectangular plane on purpose. Thus due to a large range of computations and due to the requested solution flexibility the simplest model configuration was implemented. The kinematic wave principle considering unsteady but uniform flow is hydraulically correct and seems to be adequate to natural situation when no back-flow is expected. This model also offers a more sophisticated solution when the topographical prototype can be better simulated using not only the "rectangular plane model" but also its combination with segments either convergent or divergent (KOVÁŘ et al. 2002) . However, such a specific solution would exceed a "general solution" introducing certain specific topography hardly usable for the high majority of events. Instead of the very flexible use of CN values, the model offers also other hydraulic soil parameter implementation (e.g. K s , S f ). Its numerical scheme is stable and in the case of failure it enables to shorten the computational time step during computation on a PC (from the keyboard). It is assumed that consulting engineers, as users of this method, can quickly incorporate the solution of an unsteady water flow through the road ditch system. This physically based method can upgrade the scientific level of a rural road system design.
CONCLUSIONS
This case study represents a hydrological situation which is consistent with the position of Prachatice station (600 to 700 m above the sea level), hydrological soil group D and the plane slope 15%. Results printed in bold in Table 4 show discharges exceeding the ditch capacities, i.e. higher than maximum discharge capacities of standard ditches (ČSN). It is obvious that concerning the forest and agricultural road system for the design purposes, only rainfalls with return period less than N = 2 years (at most N = 5 years) are rational, otherwise these systems would be over-dimensioned. Therefore, the adequate "bold-parts" of the tables have to be avoided.
In general, it can also be concluded that this method brings the results comparable with the results of a broadly used kinematic wave method (OVERTON & MEADOWS 1976 ) from the end of the 1970s to the present time. However, this method has not yet been used in practical project design and therefore we point out that its application should always be confronted in the context of other requirements of a common transport system. It should also be emphasized that this paper only concerns the rainfall-runoff problems when a road design is conceived.
